biomass is estimated at 4.03 Pg C (Twilley et al., 1992) . However, there is a shortage of knowledge related to this matter and the function of mangrove forests as C sinks is still disputable. The dynamics of carbon storage in mangrove soil is however poorly understood, with no completed budgets in C accumulation and decomposition (Twilley et al., 1992; Woodroffe, 1992; Ong et al., 1995) . Since mangrove areas have been shrinking and also it may be greatly affected by changes in sea level as a result of climate change, such information is needed to help to revive this vital ecosystem.
In a previous study (Ha et al., 2001) we attempted to estimate carbon accumulation in the soil of several mangrove forests in Thailand and Indonesia. The study has revealed very high values. For example, estimated C accumulation in soil of mangrove forests in Thailand ranged from 19.5 ton C ha -1 to 1158.1 ton C ha -1 , with the highest value found for an old Rhizophora stylosa Griff. forest. Furthermore, the result has led us to a hypothetical conclusion that three essential factors that might affect the sedimentary carbon accumulation in mangrove systems are (1) stand age, (2) inundation, and (3) species composition.
(1) The sedimentary carbon stock in mangrove forests should increase gradually with vegetation age. (2) Inundation has a strong effect on the anaerobic condition of sediment, which produces favorable conditions for the accumulation of carbon. (3) High carbon accumulation in mangrove soil could be attributable to the extraordinarily high amount of root biomass of some particular species.
A sequential study was conducted on a mangrove plantation area of Northern Vietnam to give a clear insight into the relationship among these three significant factors with the carbon stock in mangrove soil. This paper focuses on the first two factors, stand-age and tidal inundation.
STUDY SITE AND METHODS

Study site
In 2001, 2002, and 2003 , soil and root samplings were carried out in a mangrove plantation area in Giaolac Commune, Namdinh Province located in the southeast section of the Red River Delta in Northern Vietnam (Fig.1) . The climate is tropical with an average annual temperature of 23 . The rainy season extends from May to September with annual rainfall estimated at about 1800 mm (Tri et al., 1998) 
.Fig1
Giaolac Commune has a two km long coastline, consisting of extensive intertidal mudflats which are exposed to diurnal tides with mean amplitude of 3 to 3.5m (Dau, 2003) . The studied area is greatly affected by dynamic developments of the Balat Estuary, one of the main distributaries of the Red River categorized as an accretionary estuary. The shoreline has been expanding seaward at an estimated pace of 30m per year (Hoa, 2001) .
A collaborative project of recovery and replanting mangrove forests between the Vietnamese government and Danish with a 70% survival rate (Dau, 2003) . We set up plots and then measured and recorded the area and tree density, tree height and girth, for above-ground biomass estimation (Table 1 and 2).Table1,2
For the experiment concerning stand-age, plots were established in plantations of different stand-ages: nine, eight, six, four, and three-year-old trees. Also soil samples were collected from an area devoid of mangroves as control samples (Table   1) . At each plantation 3 plots of 10m x 10 m were chosen randomly.
Nine and eight-year-old mangroves were planted by local people in 1992 and 1993, respectively. A narrow patch of approximately six-year-old mangroves were grown at a high density on sediments comprised of discharged materials from pond excavation. A plantation of four-year-old mangrove trees was formed on a freshly accreted intertidal flat. The selected area of three-year-old plantations used to be an impounded shrimp pond area. Before 1980 there was an area of natural mangroves, which were presumably Aegiceras corniculatum (L.) Blanco. The rapid expansion of shrimp production in the 1980s led to a disappearance of these plants. In 1995, the area was reclaimed for the project of replanting mangroves and it has been covered with mangrove since 1998. On average, the study area has an elevation of a relatively low intertidal flat.
To assess the influence of tidal inundation on the below ground carbon accumulation, soil and root samples were collected in the three-year-old mangrove plantation at three sites of different tidal elevations which were defined as low, mid, and high elevation plots. These three sites were parallel to the coastal line and perpendicular to the river. The high-site was
The effects of stand-age and inundation on carbon accumulation farthest from the river mouth and the low-site was nearest. Characteristics of the three sites are described in Table 2 .
Carbon content analysis
Soil samples were collected from the center of the plot at 10 cm intervals from the surface to 100 cm in depth. The carbon and nitrogen content of soil, as well as live and dead roots of each plantation, were analyzed using a CN coder (NC-80, Sumigraph).
Above-ground biomass estimation
Above-ground biomass was estimated from tree height (H) and tree diameter (D) measured at the base where the stem is divided. We used a generic allometric equation for the H and D relationship for all species of mangroves as presented by Komiyama et al. (1986) 
(1) W : total above-ground dry weight (kg)
Above-ground biomass (ton DW ha -1 ) was estimated by summing up the weights of trees occurred in the plots and then converted into C weight (ton C ha -1 ) by assuming a C content of 40.9% as was estimated for leaves and stems of K. candel, collected from adjacent plantations.
Below-ground biomass estimation
Soil blocks, each 20 cm x 20 cm x 10 cm, were cut with a hand saw to a depth of 100 cm. Then, the contents of each soil block were washed on a 1mm-meshed screen to separate roots and other odd materials from the soil. Next, all roots were sorted in-situ into live roots and dead roots and the fresh-weights were determined separately. A given amount of live roots and dead roots for carbon analysis were weighed again after they had been oven-dried at 80°C for 2 days to determine the dry/fresh matter ratio. The fresh weights of all excavated dead and live roots in soil blocks to a depth of 100 cm were converted to dry weight. Finally, root biomass and necromass were calculated in ton dry weight (DW) per ha.
Estimation of carbon accumulation in soil and root
The amount of carbon stored in the soil of mangrove forests, the carbon content a(h), was estimated by a compact stereometry method Root biomass (ton DW ha -1 ) for each plantation was multiplied with the carbon content (%) of root to give the value of carbon tied up in mangrove roots (ton C ha -1 ).
Data analysis
Differences in carbon content and carbon accumulation in mangrove soil with different stand-ages and substrate elevations were tested using two way ANOVA (depth x stand-age or depth x elevation) followed by Tukey-Kramer test for multiple comparisons when significant main effects were found (SPSS 11.5). 
RESULTS
Carbon accumulation in different stand-age plantations C and N content in soil
Figure 2 exhibits the vertical distribution of C content for different stand-age mangrove plantations. On the whole, the carbon content estimated for sediments of mangroves with different stand-ages showed a significant difference above 40 cm in depth (P < 0.05), the highest estimates (1.4% dry weight of sediment, DW) were obtained from soil samples of the oldest plantation, the nine-year-old one (Fig.2) . Carbon content of the bare area was averaged at 0.54% DW and significantly less than that of the mangrove soil in the upper 40 cm at P < 0.05. Fig2 It was noticed that the carbon content of the three-year-old plantation ranged from 0.49% to 0.95% DW and this was similar to that of other older plantations, particularly the eight-year-old one (P=1). In contrast, they were significantly different from values of soils from the four-year-old plantation (P<0.05). Interestingly, in soil horizons from 35 to 75 cm, the three-year-old plantation exhibited the highest carbon content with an average of 0.79% ( Fig.2) A significant interaction between depth and stand-age was detected (P<0.05). There was a depth-related systematic pattern of C content distribution in the mangrove soils (Fig.2) . The carbon content gradually decreased with depth in the upper layers until a depth of about 40 cm, then rose until 50 or 55 cm in depth before it declined again below 60 or 65 cm. On the contrary, the values for the area devoid of mangroves (the bare area) did not vary with depth (P = 0.07) (Fig.2 ). The C/N ratio of mangrove soil is presented in Fig.4 . C/N ratios of mangrove sediments appeared stable with depth (P= 0.11). C/N ratios of the bare area, reaching up to 12.4 at a depth of 25 cm, were significantly greater than those of mangrove soils which ranged from 6 to 10 (P< 0.05).
Root biomass and C content in root
The vertical distribution of roots is shown in Fig.5 . In older plantations of nine, eight, and six-year-old mangroves, necromass was detectable. In younger plantations, though a small amount of dead root was found in the subsurface zones, root necromass was negligible in the lower sediments. It is obvious that mangrove roots, particularly fine roots, are concentrated in the upper soil layers, as expected.
Regarding a total amount, it seemed that root biomass of older mangroves (nine, eight, and six-year-old) was significantly higher than that of younger ones (four and three year old) (P< 0.05) (Fig.6 ). Our estimation of the carbon tied up in root biomass increased from 0.1 to 13 ton C ha -1 , indicating that root biomass is a considerable input to the sedimentary carbon sink in mangrove forests.
Above-ground biomass
Above-ground biomasses of mangrove plantations with different stand-ages are shown in Fig.7 . The above-ground biomass of the studied plantations varied from 17.1 to 104.3 ton C ha -1 (Table 1) . Above-ground biomass increased with stand-age.
Carbon accumulation in mangrove soil Fig7,8
The effects of stand-age and inundation on carbon accumulation (Table 1) .
Live root
Total estimates of C accumulation in soil for different stand-age plantations were not significantly different (F=2.0009), although the total C accumulation in the bare area was comparatively high. However, in the surface layer, it appeared that C tended to accumulate greater in the older plantations ( Fig.8-A) .
Carbon accumulation in plantations with different levels of inundation C and N content in soil
Carbon content was significantly different among the three plantations (P<0.05) and carbon content declined across the intertidal zone. In other words, C content values gradually decreased as the elevation of the substrate rose (Fig.9) .
Plantations with three different elevations are indicated as low-, mid-and high-stands, hereinafter. The carbon content of the low-plantation ranged from 0.45% to 0.94% DW while estimates for the mid-plantation fluctuated from 0.34% up to 0.69%.
The lowest estimates were observed in the high-plantation, varying from 0.29% at 95 cm in depth to only 0.38% at the surface soil.Fig9
The N content pattern for the three stands was identical to that of C content ( Fig.10-A) : they seemed to decline along with soil depth. The lowest values were found for the high-plantation, ranging from 0.29 to 0.38% DW, and the highest estimates were calculated for the low-stand, varying from 0.45 to 0.94 % DW.
The C/N ratio of mangrove soil of different elevations is shown in the Fig.10 -B, varying from 8.4 to 13.2. The result was contiguous with that of C and N contents and the vertical distribution of C/N ratio appeared similar to that of C content.Fig10.11
Root biomass and root C content Figure 11 -B shows root biomass estimated for three stands with different inundation levels. The average root biomasses of low-and high-stands were 2.5 and 2.4 ton C ha -1 respectively, while that of the mid-stand was significantly greater (P <0.05) at 6.2 ton C ha -1 . Likewise, root necromass of the mid-stand (0.41 ton C ha -1 ) was found to be higher than the low-and highstands (approximated as 0.2 and 0.09 ton C ha -1 , respectively).
Above-ground biomass
Dissimilar to the result of below-ground biomass, as shown in Fig.11 -A, above-ground biomass declined with increased substrate elevation. Above-ground biomass was estimated to be 45.85 ton C ha -1 for the low-stand, two times that of the midstand (20.5 ton C ha -1 ) and more than three times that of the high-stand (13.36 ton C ha -1 ).
Total C accumulation
The sedimentary C accumulation of the three plantations at different tidal elevations and the degree of inundation influence are delineated in Fig.12 . The total C accumulation in soil from the surface to a depth of 100 cm for soils of low, mid and high 
DISCUSSION
Carbon accumulation as a temporal process
In terms of C content, the results presented in Fig.2 indicate that soils of older plantations have relatively higher estimated C content, particularly in the surface layers, compared to the younger ones.
Overall, as shown in Fig.2 , below a certain point in depth (around 40 to 60 cm), the C content in mangrove soils seems to increase at least until a depth of 100 cm. The depth at which C content started to increase was lower in the older mangrove plantations. This tendency implies that there is a remaining proportion of C stock in the soil from previous mangrove vegetations which covered the study site before the clearance of mangroves. By facilitating oxidization in the soil, roots of newly planted mangroves might promote the aerobic decomposition of C in the surface layer resulting in the depletion of C content. Due to the development of new mangrove plantations, the C accumulation process would resume with a supply from the newly established trees. This process is shown schematically in Fig.13 . Assuming that the original C stock of mangrove soil is equal to the bare area ( Fig.13-A) , a decrease in C content by decomposition due to a root effect occurred in the lower soil from 40 to 60 cm in depth (Fig.2) . This is delineated in Fig.13 -B. Fig.13 -C shows the effect vegetation has on increasing the amount of C accumulation in the upper layers of mangrove soil.
The similarity of C content of the bare area and mangrove soils in the lower layers (P = 1) suggests that both soils of the bare area and mangroves originally had equivalent sedimentary C stocks. On the other hand, the significant difference of C content in the upper layers between the bare area and mangrove soils (P<0.05) would be indicative of the contribution of the plants to the C accumulation in soil. Moreover, the depth-related variation of C content in our study (Fig.2) is consistent with the vertical distributions of total organic concentration measured in mangrove forests of different stand-ages in Ao Sawi, Thailand by Alongi et al. (2001) .
The vertical profiles might reflect the occurrence of predominantly aerobic decomposition in the upper sediments and anaerobic decomposition in deeper sediments. Alongi et al. (1998) measured a very slow rate of sulfate reduction, an anaerobic pathway in the upper 20 cm of mangrove sediments in Mekong Delta in Vietnam and they observed that the rate of sulfate reduction increased with increasing sediment depth.
In this study, since plantation areas were covered with very young mangroves, there was a concentration of root biomass in the subsurface layers (Fig.5) which greatly affects the redox potential of the sediment. Many researchers (Nickerson and Thibodeu, 1985; Thibodeu and Nickerson, 1986; Ukpong, 1992 Ukpong, , 1994 McKee, 1993; Sherman et al., 1998) have reported on the capacity of roots to oxidize the sediments. Mangrove root development exerts a considerable influence on the degradation of organic matter in the upper soil.
The significant decrease in C content in the upper soil (Fig.2) is in a good agreement with Chen and Twilley s (1999) study's results from mangrove forests of Everglade National Park. They attributed the depletion in organic matter content in the top 10 cm to an increase in the loss of litter on the surface through aerobic decomposition. The decomposition of organic matter is influenced by the development of the mangrove forest and it regulates the carbon accumulation in soil.
The remarkable similarity in C content among the three-year-old plantation and the older plantations reflects the legacy of the prior shrimp production in this area. These young mangroves were grown on a substrate which used to be intensive shrimp producing ponds. Hence, the high carbon content of the three-year-old plantation might be attributed to the organic carbon from those earlier aquaculture activities. In addition, the pre-farming vegetation could likely have contributed to the unusually high C content in the soil of this plantation.
Additionally, our low C/N ratios estimated for the mangrove soils (Fig.4) were similar to those of some other findings (Marchand et al., 2003; Knicker and Hatcher, 2001) . C/N ratios of roots averaged 48 for live roots and 56 for dead roots.
These were higher values than the bulk sediment. Many researchers (Woitchik et al., 1997; Middleburg et al., 1996; Nedwell et al., 1994) have suggested that lower C/N ratios in the sediment can be explained by the enriched N in mangrove soil. In this study, the distinctively different C/N ratios of the bare area and mangrove soils imply that the development of mangroves has a feedback influence on the sediment.
Our examination of the C accumulation shows that carbon is accumulated more in the soil of older mangrove plantations and, especially in the surface layers, the below-ground C storage tends to increase with the development of mangrove trees.
Our results are consistent with a report by Marchand et al. (2003) . They concluded that the sedimentary organic content of mangrove forests on the French Guiana coastline increased with forest development.
At least two reasons can be offered to explain the tendency of higher carbon accumulation in older mangrove forests.
First, carbon accumulation in mangrove soil is related to the biomass of the plant. It has been reported that an increase of above-ground biomass corresponds with the development of the mangrove stand (Gong and Ong, 1990; Chudhuri, 1991; Mall et al., 1991) . The absence of root necromass in the younger plantations and the tendency of higher root biomass in older stands found in this study (Fig.6) corroborates with a petrographic study by Marchand et al. (2003) . They found that the proportion of well-preserved autochthonous ligno-cellulosic debris, mainly derived from mangrove roots, increases with forest age.
Plantation characteristics indicate root development ( Table 1) . Root biomass of the three-year-old plantation was greater than the four-year-old one. The root system of the former might be relatively denser because the plantation developed on soil that supposedly endured more anaerobic conditions as a consequence of earlier aquaculture activities.
Similarly, the high root biomass of the six-year-old mangroves compared with the eight-year-old mangroves is attributable to a relatively higher tree density.
Our estimations of carbon tied up in root biomass (Fig.6 ) indicate that root biomass is a significant potential contributor to the sedimentary carbon sink in mangrove forests. Most studies on the belowground biomass of mangroves have suggested that below ground biomass might account for 40-60% of the total biomass (Saenger, 1982; Lugo, 1990) . Komiyama et al. (1987) have found an extraordinarily high rate of fine root biomass accumulation (46.4% of the total root biomass) in
Southern Thailand and in a recent research, Matsui (1998) has estimated the root biomass of R. stylosa on Iriomote Island, Japan to be 52 ton ha -1 .
In a study of a simulation model, a mangrove nutrient model (NUMAN), Chen and Twilley (1999) pointed out that the rate of root production is a critical process in controlling organic matter accumulation since root biomass makes up a
The effects of stand-age and inundation on carbon accumulation significant proportion of the total sedimentary carbon stock. Ong et al. (1995) reported that half of the amount of annual increase in standing biomass is attributable to roots and they speculated that fine root productivity might be fifty times of the standing biomass increment figure for leaves. Organic matter derived from roots is known to represent a large portion of the sedimentary organic matter in mangrove forests (Perrussel, 1999) . Many authors (Van Der Valk and Attiwill, 1984; Thibodeau and Nikerson, 1986; Lallier-Verge et al., 1998; Middleton and McKee, 2001 ) have reported that mangrove roots, especially fine roots with higher lignin content, decompose slower than leaf litter. A study on the degradation of mangrove tissue of Middleton supports this reasoning (Middleton and McKee, 2001) . They observed that in the mangroves of TwinCay 40% of the roots remained after 1.5 years, but most leaf material disappeared. Thus, roots play a vital role in the carbon accumulation of mangrove soil.
Second, stand-age influences C accumulation in mangrove soil through the decomposition of organic matter. It has been widely known that the anaerobic decomposition occurring in water-logged soil of mangroves supports efficient sedimentary carbon preservation by slowing down the degradation of organic matter. Recently, some researchers (Nedwell et al., 1994; Kristensen et al., 1995; Ryan et al., 1997; Alongi et al., , 2001 have studied the biochemical differences at sediments among mangrove forests of different stand-ages. In many cases it appeared that anaerobic decomposition was dominant in old mangrove forests. On the contrary, anaerobic reductions, mainly sulfate reduction, were minor pathways in young mangrove forests. found that sulfate reduction accounted for only 5% of the carbon mineralization in a six-year-old
Rhizophora apiculata forest in the Mekong Delta in Vietnam and similarly, Kristensen et al (1995) reported a low rate of sulfate reduction for young mangrove soil in southern Thailand (11% of the total carbon oxidation). In young mangrove areas in Jamaica Nedwell et al. (1994) found that sulfate reduction rates were lower (23 mmol C m-2 d-1) than oxic respiration rates (78 mmol C m-2 d-1). Ryan et al. (1997) reported that mature forests exhibit slower rates of soil respiration than younger forests. Alongi et al. (2001) discovered a significant correlation between the rates of sulfate reduction and live and dead belowground roots and suggested that exudates from live and dead roots fuel sulfate reducers. In this study on root biomass, it was found that anaerobic decomposition might be relatively greater in the soil of the older mangrove plantations than in the newly planted plantations.
Consequently, the dominant process of aerobic respiration and rather than anaerobic decomposition in the soil of young mangrove forests leads to faster decomposition of organic matters resulting in a greater loss of carbon. Lallier-Verger et al.
(1998) have indicated that in reduced environments, both anaerobic degradation processes, microbial sulfate reduction and fermentation, are responsible for preserving organic matter. Marchand et al. (2003) have proposed that decrease in total organic carbon content might imply rapid decomposition of organic matter in young mangrove forests.
Total C accumulation in soil from the surface to 100 cm in depth was not clearly different between the bare area and mangrove soils. This is due to the higher bulk density of soil in the bare area compared to that of areas covered with mangrove trees, especially in the upper sediments where there is an accumulation of both dead and live roots.
Nevertheless, assuming that the soil surface layers are influenced by recent activities of mangrove plantation, estimates of sedimentary C accumulation in the surface layer are shown in Fig.8 -A. C storage from the surface to 10 cm in the bare area was 7 ton C ha -1 , lower than the older plantations.
It is notable that the six-year-old plantation had relatively high values of C accumulation (Fig.8) . The sediments of the six-year-old mangroves are mixtures of shrimp pond excavation materials. The sediments were reworked, causing slightly higher bulk density resulting in higher C accumulation compared to the other older plantations. Figure 14 displays the relationship between total C accumulation values (from the surface to a depth of 100 cm) and stand-age for the mangrove area studied. The relationship satisfies an exponential function.
C and t denote total carbon accumulation and vegetation age, respectively. It can be induced that there is potentially more than 70 ton/ha of C accumulated, which may have resulted from the earlier mangrove coverage. The accumulation is increasing exponentially at an annual rate of 9.7 % due to the development of the newly planted mangroves. This figure for the exponential increase of the sedimentary carbon storage is cautiously acceptable and reliable for a certain range of standage (from three to nine year old mangroves in this study) (Fig.14) . This evidently indicates the important role of mangrove vegetation in carbon accumulation. 
Influence of tidal inundation on the carbon accumulation
Our results indicate an influence of tidal inundation on the carbon accumulation in mangrove soils. The plantations with higher elevation have longer periods of exposure to the air ( Table 2 ) which should lead to more oxygen transferred to the sediments, resulting in a greater loss of organic carbon through aerobic decomposition. However, edaphic factors and decomposition processes in mangrove soil deserve further comprehensive study.
In a recent study, Matsui (1998) indicated that the frequency of inundation strongly affected reduced conditions of mangrove sediments and the preservation of organic carbon in mangrove forests. Kristensen (1988) and Kristensen et al. (1991) measured oxygen uptake in mangrove sediments in Phuket, Thailand as an index of autotrophic and heterotrophic activity in the sediment and reported relatively low rates of organic degradation compared to other coastal sediments. The accumulation of organic matter in mangrove soil is aided by anoxic conditions induced by inundation, which are favorable conditions for the conservation of organic carbon.
Apart from the influence of edaphic conditions, inundation is thought to be responsible for the growth of mangrove trees. Hence, it has an indirect effect on below-ground carbon stocks. It is shown that above ground biomass decreased with the increasing elevation ( Fig.11-A) . Stand structure would explain the higher biomass accumulated in the lower plantations.
It seems that within the studied inundation range, mangroves grow higher and bigger at lower elevation intertidal flats, whereas it is apparent that the growth of mangroves on the highest elevation intertidal flats is restricted.
It has been suggested that soils consisting of a substantial amount of silt provide better habitats for the development of mangroves in terms of oxygen translocation, soil compaction and nutrient resources (Hutchings and Saenger, 1987; Sukardjo, 1995; Kaly et al., 1997; Ramanathan et al., 1998) . In this study, the sites of low and mid elevations, since they are relatively closer to the Balat Estuary than the high elevation site, are likely to receive more river deposits. This would account for the higher percentage of silt (50%) in these sites than in the other higher and farther sites ( Table 2) . Our results correspond with an observation by Ross et al. (2001) . They reported a gradient of decreasing biomass along with distance from the coast within dwarf mangroves in the Biscayne Bay watershed. Likewise, Fromard et al. (1998) have suggested that the distance between the seafront and the stands as well as stand density are the most relevant parameters determining mangrove dynamics and total standing biomass.
It is noteworthy that the highest value of root biomass was found in the mid-plantation and the lowest one in the highplantation ( Fig.11-B ). This is due to the higher tree density of the mid-plantation. Tabuchi (1995) observed a positive correlation between fine-root biomass and tree density in mangrove forests in Thailand, suggesting that denser stands had more fine-root biomass, from the surface to 100 cm depth.
In conclusion, this study's results support the hypothesis that there is a significant amount of carbon stored in mangrove soil (Fig.8-B ), confirming that mangrove forests are important C sinks. Though the study area is freshly-accreted tidal flats covered with very young mangrove plantations, estimates of C accumulation in soil are markedly high. Mangroves are regarded as traps for sediment and associated organic matter (Woodroffe, 1992) . The effects of stand-age and inundation on carbon accumulation organic C currently accumulating in modern marine sediments. Many researchers have reported notably high estimates for C accumulation in mangrove soils. Carbon stored from the surface to 100 cm in depth in mangroves in Cangio, Vietnam was reported to be 25 to 48 kg C m -2 and the C burial rate was found to be relatively rapid . Particularly, high values of below ground C storage were observed for mangrove forests in Southwestern Thailand, ranging from 27 to 50 kg C m -2 (Fujimoto et al., 2002) .
The findings of this study clearly demonstrate that stand age and inundation are factors which play vital roles in the process of sedimentary carbon accumulation in mangrove forests. However, the lack of more precise information on the function of mangrove forests as C sinks necessitates further investigations.
